Introduction
Traumatic antero-medial instability of the knee arises from the combined lesion of the anterior cruciate ligament (ACL) and medial collateral ligament (MCL). Tears of other ligaments and of the menisci can be associated to this combined injury. 1 Many questions remain to be answered regarding the optimal management for these combined ACL -MCL injuries regarding timing from lesion to treatment (acute or chronic), and to the grading of valgus laxity associated with complete ACL lesion. 2 We collected the published outcome data about this subject, in an effort to define the evolution of management of combined ACL -MCL injury in the last two decades. We wished to examine whether the methodological quality has improved over time, and whether the Coleman methodology score (CMS) correlates well with the level of evidence.
Materials and methods
We performed a search using the keyword 'ACL' and 'MCL' in combination with 'surgery treatment', 'conservative treatment', 'surgery management', 'conservative management', 'surgical treatment' and 'surgical management', with no limit regarding the year of publication. The following databases were accessed on 30th January 2009: PubMed (http:// www.ncbi.nlm.nih.gov/sites/entrez/); Ovid (http://www.ovid.com); Cochrane Reviews (http://www.cochrane.org/reviews/), Google Scholar. Given the linguistic capabilities of the research team, we considered publications in English, Spanish and Italian.
Two authors (R.P. and A.D.B.) read the abstract of each publication identified. If an abstract was not available, the article was excluded. All journals were considered, and all relevant articles were retrieved.
In addition, the search was extended by screening the reference list of all the articles. Studies not specifically reporting outcomes were also excluded. To qualify, an article would had to be published in peerreviewed journals. According to these selection criteria, we excluded articles basing on the text of the abstract. We obtained full-text versions if the abstract did not permit to include or exclude the study. In case of doubt about inclusion of an article, the senior authors made a consensus decision. To avoid bias when including the articles, all the publications selected were examined and discussed by all the authors.
After this further selection, 23 publications relevant to the topic at hand were included.
Two investigators (R.P. and A.D.B.) used the criteria developed by Coleman et al. 3 to assess blindly the methods of each article twice. Each selected study was scored for each of the 10 criteria to give a total CMS value between 0 and 100 (Table 1) .
A perfect score of 100 would represent a study design that largely avoids the influence of chance, various biases, and confounding factors. If a study had two groups of patients (two methods of treatment), we observed the outcomes and reported the average result. Finally, we assessed the studies according to the levels of evidence classification introduced by Wright et al. 4 
Statistical analysis
To assess the impact of methods on reported outcomes, the CMS Scores were correlated with reported success rates (in percent) and with the level of evidence rating using Pearson Correlation (r). The same statistical method was used to assess correlation between the year of publication and the CMS to examine trends in methods over time. Analysis was performed using SPSS (version 16.0, Chicago, IL, USA).
Results
We identified 23 published studies from 1984 to 2008 which reported surgical and conservative outcome rates for combined ACL -MCL injuries.
Preoperative features
The mean age of all the patients was 25 years (range 15 -39). The mean interval time from injury to treatment was 18.2 weeks (range from 1 5 -7 to 135 8 weeks). Given the variety of time intervals from injury to treatment, we divided the patient series into following categories: acute (,3 weeks), subacute (,3 months) and chronic (.3 months). 9 
Study size and follow-up
The total number of patients included in the present investigation was 1705 and varied from 14 10 to 342
11
. The mean follow-up time also 12 to 264 months. 13 The average modified CMS was 60.04 (range from 36.0 to 88.0). The following four categories had the lowest scores: study size, type of study, diagnostic certainty and description of surgical technique. The average total CMS and the average CMS for each criterion are given in Table 2 .
Study type
Three studies were randomized controlled trials, 1,6,14 eight were prospective cohort studies, 5,10 -12,15 -18 and 12 were retrospective studies. 7,8,13,19 -27 ( Table 3) .
Type of management
We divided the managements options to treat ACL -MCL combined lesions into full conservative MCL -ACL treatment, full surgical MCL -ACL treatment, combined surgical MCL and conservative ACL treatment, combined conservative MCL and surgical ACL treatment (Table 4) . We also recorded the grading of MCL injury, the method of diagnosis and the treatment instituted (Table 5) .
Surgical description and post-operative rehabilitation
Most of the studies (15/23, 65%) concentrated on one single operative technique, with an 'adequate' to 'fair' description of the process. The description of post-operative rehabilitation in 10 of the 23 (43%) studies was inadequate according to the CMS. Subject selection, outcome criteria and outcome assessment
Nine of the 23 studies 5,7,13,19 -21,24,25,27 (39.1%) reported an unsatisfactory description of subject selection criteria, with no one scientific article scoring full marks (15/15) . The articles showed a wide variation in outcome criteria used. Seven of the 23 studies 5, 7, 10, 13, 15, 19, 20 scored poorly in this section. In the two articles scoring 10/10, 11,14 we observed complete description of outcome criteria and use of validated scoring systems with adequate reliability and sensitivity. The 'outcome assessment' section scored poorly in ten of the 23 articles. 1,5 -7,13,20,23,25 -27 In the rest of the published articles, this process was flawed from the lack of one or more of the four criteria mentioned in the CMS.
Coleman methodology scores and statistical results
The mean CMS scores for each section was 60.04 (range 36-88). The mean CMS of individual scientific articles are listed in Table 2 .
We did not find evidence of a statistically significant association between percentage of good or excellent results and CMS (r ¼ 20.01, P ¼ 0.95) (Fig. 1) . There was evidence of a statistically significant association between the methods score and the year of publication (r ¼ 0.44, P ¼ 0.037), demonstrating that quality of methods has improved over decades, particularly over the last 10 years (Fig. 2) .
We found a statistically significant association between CMS and level of evidence rating (r ¼ 20.72, P , 0.01).
Reported outcomes and complications
Almost all the articles identified used different methods of reporting their results. The success rates following management of combined ACL-MCL injuries range between 30 1 and 100% 15, 16, 25, 27 (mean 82%). Commonly reported complications were wound infection/ abscess, 14 ACL revision, 6 ACL graft failure, 17 secondary meniscal injury, 20 arthrofibrosis and cyclops lesions. 23 The mean time to return to preinjury activity level was 4 months 6 for the patients treated conservatively (4-6 months). The mean time to return to pre-injury activity level was 9 months (from 5 11 to 12 months 14 ).
Discussion
Although there are several published scientific studies on the management of combined ACL -MCL lesions, the management of these 
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British Medical Bulletin 2010;93 injuries remains controversial. We wished to ascertain whether the included studies presented methodological limitations. In fact, although several review articles on treatment of combined ACL -MCL injuries have been published, 28, 29 none of them has assessed the methodological criteria of the studies reviewed. Following a careful analysis of the findings in the present study, we suggest several reasons to question the conclusions made in most of the available studies in this field.
We found two limitations arising from the use of the CMS, and the high number of outcome scales used by different authors. The CMS assesses the quality of reporting, not the quality of the study. A highquality study reported poorly would receive a low score. As for the second limitation, our initial search involved a high number of abstracts. It is possible that we have missed studies in this field. Indeed, because we limited our interest to articles published in English, Italian and Spanish, we may have missed articles published in other languages. The studies which compared two groups of patients undergoing different treatment (conservative or surgical) reported significant differences between the groups 1, 6, 17 Most studies comparing surgical and conservative management did not report significant difference. 14, 16, 27 The average Lisholm score was 92.3, without significant difference between conservative and surgical management 1,6,14,21 -24,27 We encountered problems to summarize the data on the patients in all treatment categories, given the presence of several treatments subgroups. A generally low methodological quality was found in the articles included based on the results of the CMS. However, investigations on surgical management in patellar tendinopathy, 3 Achilles tendinopathy, 30 cartilage injuries 31 and posterior cruciate ligament treatment 32 found even lower methodological quality. None of the studies includes in the present review mentioned compliance with the rehabilitation protocol. Four categories within the CMS had distinct methodological limitations. Some of these were identical to those identified in the previously mentioned reviews of methodological quality. 30 -32 The category 'type of study' scored particularly low. Among the articles included, there were only three randomized controlled trial. 1, 6, 14 Andersson et al. 6 compared three different treatment approaches for ACL and MCL injuries: conservative, repair, repair and elongation. Andersson and Gillquist 1 divided the patients in four groups: ACL only group treated using repair and augmentation, ACL only group treated conservatively, ACL -MCL combined group treated with repair of both ligaments and ACL -MCL combined group treated with only MCL repair. Halinen et al.
14 distinguished two groups according to MCL operative (Group 1) and conservative (Group 2) treatment. The randomization, however, was not well described.
The eight prospective studies assessed ACL surgical treatment only, 10, 11, 14 MCL surgical treatment only, 5 ACL -MCL conservative treatment, 12, 15 surgical ACL treatment and combined surgical/conservative MCL treatment. 16, 17 The remaining 12 articles were retrospective studies. Retrospective studies are simpler to perform, take less time to conduct, and are cheaper. 33 The studies included in the present investigation had limitations, including lack of uniformity of the pre-and post-surgical treatment, difficulty in ascertaining preoperative grade of severity, and variable times of postoperative recall.
Large prospective studies of are difficult to perform, and are expensive, in terms of money and time. 34 These studies allow to assess preoperative severity using reliable and sensitive measures, which would eliminate the need for subject recall. Most studies (17/23) in our investigation included relatively few patients. Although there are only three randomized controlled trials, they allowed us to evaluate differences between surgical and conservative treatment.
The category of diagnostic certainty had limitations, and the type and grade of severity of MCL injury that might make the reported outcome unreliable (Table 5) .
There are several methods applied to make a diagnosis of combined ACL -MCL injury as well as several classifications (clinical and imaging) to assess the grade of MCL injury; this could lead to a bias of MCL grading and subsequent treatment. In fact, the correct diagnosis should probably be obtained by combining clinical examination, MRI and stress radiography. 11, 19, 20 Arthroscopy completes the diagnostic pathway.
Finally, we found limitations regarding outcome assessment. The patients' relationship with the investigator might affect the neutrality of the patient. Outcome assessment should be performed by an independent investigator to avoid observer bias, and ideally the patient should complete this in a written form without investigator assistance to minimize the risk of response bias. 14 Our study detected that patients with combined ACL and MCL injury treated conservatively had the greatest initial laxity and the worst outcome. 12 Currently, only one published randomized controlled trial compared full ACL -MCL surgical treatment and full ACL -MCL conservative treatment, reporting that in the surgical group, 61% of patients (28 of 46 patients) returned to sport activity compared with 31% of patients (22 of 71 patients) in the conservative group. 6 Andersson noted that the best surgical option for both the ligaments was augmentation. There is a retrospective study MCL does not need to be repaired when the ACL is reconstructed after a combined injury.
We did not identify other systematic reviews about the approach to these combined lesions. However, we stress that the present is not a meta-analysis of well performed randomized controlled trials. Our main purpose was to define the correct management of combined ACL -MCL tears, drawing attention to the fact that outcomes are highly variable within both treatment modalities. There are several limitations to our comparison of conservative and surgical management. First, our results are based on poor quality studies that report outcome transformable into percentage of good or excellent. Secondly, since the studies report outcome with different scoring systems, it is difficult to compare them, even though we transformed all the results into percentages of good or excellent. If a common, validated scale for clinical measurements constructed for ACL -MCL injuries were used, comparison of outcomes in different studies would be easier and more reliable. Thirdly, the management of combined ACL -MCL injuries may not be equal or comparable. With regards to MCL injury, from this systematic review the relevance of two elements distinctly stands out: (1) in MCL injury, conservative management involves Grade I, II and III injuries, (2) the surgical group include only patients with Grade III injuries. Indeed, it is possible that MCL injuries combined with ACL injuries are always treated surgically, but are managed conservatively if they are isolated. Finally, a different timing of follow-up and results assessment could affect the comparison. The only way to produce as equal groups as possible is to perform randomization into conservative or surgical management. No significant correlation between outcome results and CMS was detected. This is in agreement with another review that used the CMS to assess methodological limitations. 31 The CMS correlated well with the level-of-evidence rating (Table 3) . We noted great variance in the CMS within each level of evidence, but the variance was progressively smaller with higher levels of evidence. Hence, if a study receives a high level-of-evidence rating, the methodological quality of the study is likely to be high. On the other hand, the level-of-evidence rating does not take into account all areas of sound study design. One suggestion to improve the rating would be to include a detailed methodology score in the submission process with a scoring of each subcriterion published online. The CMS correlated positively with the year of publication. The systematic evaluation of the result of CMS evidenced an unusual observation not reported in previous reviews: the part A of the CMS gave high scores in older studies 1, 6, 10, 15 compared with more recent ones, although part B showed higher scores in the studies performed between 1995 and 2000; 5, 17, 19, 21 only a few studies presented overall high scores. 11, 14 However, the methodological quality of published studies has improved. Other reviews on different areas within orthopaedics have reported similar findings. 30 -32 Clinicians should be careful to follows established guidelines when designing, conducting and reporting trials, to improve the methodological quality.
We propose the following guidelines for future studies on the basis of the findings in the present review:
i. Studies should be prospective with a clearly defined hypothesis and one clearly defined primary end point. They should be randomized controlled trials with an adequate randomization procedure and power analysis for the primary end point. Secondary end points should only be used as supportive evidence to the primary hypothesis.
ii. To improve diagnostic certainty, all patients should have an MR and stress-radiography assessment in addition to a clinical examination.
iii. Detailed rehabilitation protocols should be established and reported.
Compliance should be monitored. The protocols should be applied in a standardized manner.
iv. The timing of the outcome assessment should be clearly stated. The results from various time-points after surgery should not be reported as one outcome. The assessments should be both clinical and functional. The minimum duration of follow-up should be more than 24 months.
v. The outcome assessment should be made by a truly independent investigator. The assessment should be in a written form and, ideally, should be completed by the patient without investigator's assistance.
vi. The patients' inclusion and exclusion criteria should be clearly established and reported. The recruitment rate should be reported, and attempts should be made to account for eligible patients who are not included in the study and those who are lost to follow-up.
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